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REMARKS/ARGUMENTS 

Reconsideration of this application is requested. Claims 1-6, 8, 10 and 14-18 are pending 
in the application subsequent to entry of this Amendment. 

The claims have been amended in order to more particularly point out and distinctly 
claim that which applicants regard as their invention, to address claim clarity issues raised on 
pages 4-5 of the Official Action, to reduce issues and to advance prosecution generally. 

Claims directed to compounds per se have been revised to refer to a single compound and 
adjusted to include proper terminology, as appropriate. Claims 7 and 9 have been canceled to 
reduce issues, claim 10 revised to depend from claim 8. Claims 11-13 have been canceled and 
replaced with new method claim 15-18. New claim 14 has been added directed to the specific 
amino acids listed in the first paragraph of page 7 of the description. Further conmients 
regarding the claim amendments will appear in the discussion that follows. 
Claims 9-13-35 USC§ 112 

Claims 9 and 11-13 are canceled and replaced with new method of treatment claims 14- 
18. CMm 10 is dependent from claim S directed to a pharmaceutical composition; claim 10 
should not have been included in this rejection. This response is made on the basis of new 
claims 14-18. 

Camptothecins are a well-known class of antitumor drugs used for the treatment of 
different tumors. The description of the invention makes explicit reference to EP 1 044 977 (EP 
'977) and the literature cited therein. This reference reports that camptothecins demonstrated a 
wide spectrum of antitumor activity, in particular against colon tumors, other solid tumors and 
leukemias (see page 1, fourth paragraph). The clinical reference for camptothecins is Topotecan, 
which is indicated for the treatment of small and non-small cell lung, ovarian, breast, stomach, 
liver, prostate, soft tissue sarcoma, head and neck tumors, cancer of the esophagus, resistant 
colon-rectum, multiform glyoblastoma, and chronic and acute myelocytic leukemias (EP'977, 
page 3, third paragraph). The compounds disclosed in EP'977, of which the compounds of the 
present invention are derivatives as far as the 7-C(R5)=N-0-R4 substituent is concerned, and the 
activity on a wide range of tumors is proven by the enclosed list of references retrieved from 
PubMed (Annex 4). See also Penco et al., US 6.242.457, claiming priority of EP744, where the 
range of treated tumors was expanded (note column 14). 



-8- 



1058937 



MARZI et al 
Appl.No. 10/512,094 
April 5, 2006 

Further evidence of a wide range of antitumor activity is found in the same references as 
cited by the examiner, (see W0'691). 

Therefore, the state of the art as to the therapeutic benefits to be obtained from the 
camptothecins must be recognized, since there is no reason for one skilled in this art to believe 
that the claimed compounds would not be effective on different tumors. To the contrary, the 
problem solved by the present invention is to enhance stability and solubility in water of the 
molecule, thus enhancing the pharmacological activity and giving a person skilled in the art a 
more powerful therapeutic tool in terms of an improved therapeutic index; see page 2, last line. 

The present compounds are not claimed for treating tumors which are not usually treated 
with Topoisomerase I inhibitors or with camptothecins in general. This is very clear from the 
entire content of the description and the references cited in it and is clearly stated in new claims 
15-17. Therefore, the skilled clinician will know for which type of susceptible tumors the 
compounds can be used. 

The activity of camptothecins in parasitic and viral infections is also well-known in the 
art (see WO*876, page 23, first full paragraph) and thus is claimed in new claim 18. 

In view of the above, applicants respectfully request withdrawal of this rejection. 
Claims L 4-6. 7 and 9-13 - 35 USC § 112 

Claim 1: there are only two cases for n and m: 

1) both n and mare 1; 

2) both n and m are 0. 

No other cases are disclosed and this is clarified in amended claim 1. 

The definition of residue B as amino acid is clearly explained on page 7, first paragraph 
of the description and claim 1 is amended to reflect this description. New dependent claim 14 is 
added directed to the amino acids specified in this passage. 

R4 seems clearly defined by the list of variables in claim 1. The term "residue" has been 
replaced with "substituent". 

The spelling of "benzylglycil" has been corrected in claim 4. 

Claim 5: actually, step b) as written is self-explanatory. Substitution of the leaving group 
with the Y group is a well-known class of chemical reactions, also known as nucleophilic 
substitutions. Please see the attached chapter of a university textbook (Annex 1) explaining the 
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mechanism of nucleophilic substitution reactions. The term "substitution of said leaving group 
with the Y group" recited in claim 5 is sufficient to indicate to the skilled person what to do to 
carry out the claimed process to obtain the desired product. In any event, all one has to do is look 
in applicants' specification. Claim 5 is supported by the description, see page 10, "preparation of 
the intermediate products 2a,b" and page 11, "preparation of the intermediate products 4a,b". 
Claim 5 will be interpreted in light of the description. 

Claim 6: also step b) is self-explanatory as written. Transformation of a carboxylic group 
into an amide is a well-known chemical reaction. Please see the attached copy of a chapter of a 
university textbook (Annex 2) showing different modes for obtaining an amide. In any event, all 
one has to do is look in applicants' specification. Claim 6 is supported by the description, see 
page 11, "preparation of the intermediate products 6a,b" and page 12, "preparation of the 
intermediate products 7a,b" and "preparation of the products 8a,b". Claim 6 will be interpreted 
in light of the description. 

Claim 7 has been deleted. 

Claim 9 has been deleted. 

Claim 10, a pharmaceutical composition claim dependent from claim 8, is maintained. 
Applicants believe this claim is clear to the skilled reader, since combining different antitumor 
drugs is common practice in this field. The other antitumor drug will be determined by the 
skilled person simply exercising his or her knowledge. Attached are only the only first 50 titles 
out of 269 reviews published until 2002 (priority year of this application) to show the current 
knowledge of cancer polychemotherapy (Annex 3). 

The subject matter of claims 12 and 13 is maintained and written as methods of 
treatments in new claims 14-17, since applicants believe that the skilled person will know how to 
use the invention just resorting to common knowledge. A sample of literature is enclosed (Annex 
5). The examiner has already indicated the treatment of lung tumor is enabled; see item 4, 
second line and compare with new claim 17. Claim 16 is directed to a particular group of 
susceptible tumors described in the paragraph bridging pages 13-14 of the specification. 
Claims L 3, 5. 7-9 and 12 - 35 USC § 102(b) 

Claim 1 has been amended by deleting the meaning of hydrogen for the Ri group. This 
amendment restores novelty over Vishnuvajjala. 
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Claims L 2, 4 and 6-13 - 35 USC $ 103(a) 

The Examiner admitted that the prodrug disclosed by Matsumoto et al. is an HIV 
protease inhibitor, but is of the opinion that the document affirms the general apphcability of the 
approach and points at Figure 2 to support the opinion. 

The Matsumoto et al. reference is cited in the subject application (page 2) with the 
following conmient: ''molecule of a dipeptide nature, differing enormously from the molecular 
structure of camptothecin, and to that end functionalise a hydroxyl group with a portion formed 
by a spacer part and a solubilizing part. The spacer part is provided by a bicarboxylic acid, 
whereas the solubilizing part is provided by a diamine'', 

Matsumoto et al. give only more than general comments on the possible solubilizing 
effect of the system provided by them, namely the spacer and the solubiUzing portion, the latter 
releasing the drug through a cyclization mechanism. 

The skilled person must find in the prior art a clear teaching of the case this person is 
facing, with all instructions and indication on how to obtain the expected results. In the present 
case, Matsumoto et al. with all its insufficiencies does not apply, neither alone nor in 
combination with Penco et al. 

Penco et al. mention the problem of water-solubility of camptothecin derivatives, but give 
no indication on how to solve this problem. 

Matsumoto et al. enable only for a dipeptide derivative. Therefore, this reference is not 
predicable for camptothecin derivatives, which are polycyclic compounds of a completely 
different chemical nature. 

Secondly, Matsumoto et al. put very strict rules in designing the prodrug: a) only succinic 
or glutaric dicarboxylic acids are provided, and a short chain amine as solubilizing portion are 
disclosed. The final teaching of Matsumoto et al. is to find suitable conditions to enhance 
cyclization of the spacer-solubilizing system, and this leads to short chain elements ending with 
an amino group. The authors advise against different ending groups (see page 608, right 
column). 

Ultimately, Matsumoto et al. teach a solubilizing system which will cyclize and release 
the drug. There is the least suggestion that such a system with strict rules will work with 7- 
substituted camptothecins derivatives, as the claimed ones. 
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Moreover, the present invention goes against Matsumoto et al. teaching, by providing a 
wide range of chain length (from 1 to 8 carbon atoms) and a wide variety of terminal groups 
other than a simple amino group. 

Therefore, Matsumoto et al. give no expectation to successfully solve the problem of 
water-solubility passing from a dipeptide derivative, such as the only enabled compound KNI- 
727, to a complex polycyclic compound, bearing a complex substitution in position 7, such as the 
camptothecin derivatives of the present invention. 

For the above reasons it is respectfully submitted that the claims of this application are in 
proper order, enabled and define subject that is patentable over the cited and applied prior art 
references. Reconsideration and favorable action are solicited. Should the examiner have any 
questions or require further information, please contact the undersigned. 



ARCieaw 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 



Respectfully submitted, 




Arthur R. Crawford 
Reg. No. 25,327 
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Chapter 8 

Reactions of Alkyl Halides 



The Displacement Reaction 

The replacement of the halogen in an alkyl halidc by another group is one 
of the most important rcaciions in organic chemistry. In Section 31, we took a 
brief look at one such reaction, ihe reaction of methyl chloride with hydroxide 
ion. 

HO" -f CH^Cl ^ CH^QH ^ Ci' 

Another example is the reaction of ethyl bromide with potassium iodide m acetone 
solution. 

CH,CH ,B r + K ^r -^^^ ^ CH3CH.,I ^ KBr J. 

Although ihis is an equilibrium process, the reaction proceeds virtually (O com- 
pieiiOQ because potassium iodide is soluble in acetone and potassium bromide 
is not. 

Like the reaction discussed m Section 3.1, the reaciio n of eth yl bropiide wiih 

iodide ion is relatively s low In order for complete reaction to o ccun it necessary 

to heat c hc mixture for s e veral hours The rate of the reaction may be determin ed 
^ following the rate of disappearance o f reactants or the ratjc of appearance of 
jxodu cts. It is proportional to the product of the concentrations o f the twOire- 
actan ts. 

- di - ^ - - dt - ' 

This equation is expressed in ihe symbolism of calculus. The expression 

dt 

means simply the rate wiih which ihe concenifaiion of CjH^Br changes with time. 
The negative sign indicates that the conceniraiion of C,H^Br decreases as time 
incxcascs. Note that in this case [KBr] refers co amount rather than conccotratioa 
because of Its low solubility in acetone. 

The concen trations of QHr,Br, C2.HrJ, and KB r may be determined at 
different times durin fi the reactio n by chemical or spectroscopic analys is. As the 
reaction proceeds, the concentrations of the reactants become reduced and the 
rale of reaction decreases.JFor exapigle, at 50% with ihc two reacunts each present 
in an initial concen tration of 0.1 the Veactlon is' 5Q%"cofnplete in 7 min but 
only 95% complete after 2 hr. Furthermo re, the reaction has an activation energy, 
A/ /*, of 19kc al mole-\ it isTO times slower ai 25" than it is arSO^^rTiiisliciivatioir 
energy is considerably higher Vhan'ihosc of The fre'c Vadlcil'reaciions we studied 
in Chapter 5 

When the rate of a chemical reaction depends on the concentration of two 
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species, as in this case, it is said to display second order kinetics. This suggests 

Chap. 8 ^ bimolecular mechanism, one in which one molecule of each reaciani collide 
R«)teiion$ of and react. The rclatwcly high activation energy shows that only a oimute fraciion 
AlkyI HniWcs of such collisions actually result in reaction— those involving reacrani molecules 
with sufficient kinetic energy, We might imagine thai a siraighifpnvard mechanism 
would be one m which the attacking group, T in this case, simply displaces the 
leaving group, Br*, from its bond to carbon. 

Br I 

I 

CH, N CH3 H 

However, a lurge mass of evidence has been ^iccumulaicd *vhich shows lhat_this 
front-Side attack is nor the mechanism of this reaction 

This does not mean thar iKis is not a perfectly good mechanism, only thai another 
mechanism bcuer for this pamcular reaction. The aciiva uon energy of the frontal- 
, attack mechanism is so much higher ihaji that of the dciual mechamsm that no 
signiAcant number of product molecules arc formed by buch a paih Since rates arc 
exponential functions of activauon energy, a small energy change can have a dramatic 
efTeci on rate. For example, if two reaaions didcr in activaiion energy by lOlccal 
molc-\ the ratio of ihcir reaction rales is 10.000.000 I Thus, it i> only necessary 
that wc con^^ider the most probable reaction mecham>ms for a given reacuon— those 
with ihc lowest aciivaoon energies. 

Jnsccad of such a simple frontal attack, the reaction actually proceeds by a more 
complex mechanism that mvolves attack ai the rear of fhe C—Br bond. 

-8^ 

Stereochemistry of the Displacement Reaction 

It has long been known that, when an optically active alkyl halide is exposed 
to halide ion in solution, the optical activity gradually dimmishes to zero. This 
is an example of racemizaiion; the opiically active halide is converted to an 
equimolar mixture of (+") and~(-) enaniiomers. The rate of raccmizaiipiv is 
_d.ependeni on the concentration of both the alkyl halide and the added haUdc. 
The rate constant for the racemizaiion process is called k^. The conditions under 
which such racemizaiion occurs are the same as ihose ihai lead to substitutions 
such as tho.<ie discussed in Section 8.1. 

/ The faci that optical activity is lost shows unequiv^ocally that the fronial-aiiack 
! mechanism cannot be the sole mechanism for such substitution reacuons, because 
' that mechanism leads to retention of absolute configuration at the asymmetric 
•^lom. For example, if the frontal-attack mechanism were tlie only mechanism 
for substitution in (R)-2-iodobutane, then a system containing this opiically active 
halide would always coniain only alkyl halidcs of ihe (R) configuration. 

CHn H *\"^ H 

frontal attack V-' l v- . V''' ^ T- 

mechanism: / / X 

(R) (R) 



There must be a mcchamsm fo: substitution that allows racemizaiion at C-2. To 



detennine how ortea each repUcemcni o f one ha lide by ano iher is a ccompaaie d 
by a change from ihe (^-) eaanUo m cr to ibe ( - ) cnantio mer. i i is n ecessary to 
k now both the r aie of r acemizaiion andjh^raie of the subsutution rcaaipn_itseLf, 
""This cxperixncnt was first'done "in 1 93 5 by ihe fate Professor E D. Hughes and! 
his colleagues at ihc University of London. The expenmcni was an extremely ; 
elegant one, which used sodium iodide containing a radioactive isotope of iodine, ' 
as the attacking group and optically active 2- iodooctanc containing normal \ 
1271 as the alkyl halide. 

is prepared by exposuig normal ^"I to neutrons The radioisotope decays with 
a balMife of 25 min. 

At equilibrium, the radioactive iodine is distributed equally between 2-iodo- 
ociane and iodide ion. 

! '"I 

The reaction was found to have a rale constant at 30*. k^^^^ ^ (L36 ± 0.1 1) x 
10"^ A/-^sec*^. Under identical conditions, the rate constant for racemizaiion 
of optically active 2-iodooaanc was found to be /c„ = (2.62 ± 0.03) x 
10"^ M'^ sec'^. Within experimental error, the rare of racemizaiion is exactly tmce 
that or exchange C onsequently, e ach a ci of replace ment of one iodi de by th e 
o t her is accompanied by a chan ge from on e en antio mer 10 another. In this way, 
the rotation of one molecule of product cancels that of on e re acianc molecule, 
an d is equivalent to iwp molecules of racemic material. Looking at it in a slightly 
different way, all of the beginning molecules must uad er^ o reaction with ^^M" 
before incorporation of the r adioisoto pe is complete, whereas only one hajf of 
the be gioning mol ecules taust under go in version of stereochemis try before race-. 
mizaiion is complete Thus> if inver sion of stereoch emistry occurs every time 
substitution occurs, must be exactly twice fc^^eh. ^ »s found. 



I- + 



(S) 



I-C 



\ H 

(R) 



This observation has been combined with many other studies to infer thai, in 
a bimolecular displacement reaction, the attacking group attacks at the ca rbon 
.JJlPJn.J!lL-Uie_re_ar of tli e bond to ihc leaving group. DunJig fraction, the^carbon 
forms a progrASSively.strongeji bo nd co the attackin g group, while the bond to 
iheJcaving^group is being w eak e ned. Durin g this change, the other three bonds 
_tp the centra! ca rbon PfOfiressively fiatten^ui and end_up o n the " other side" of 
th e carbon in a manner simil ar 10 the spokes of an u mbrella jn^ercing in i_ 
windstorm. 
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r + 



H' * 
"CH3 



»- i »- 
L h' CHj J 



CH, 



+ I- 



The reaction is formulated as above, with the transition state geometry in brackets. 
The dotted lines indicate a partially formed or partially broken bond. The symbol 



130 
Chap. 8 

Alkvl Halidcs 



6' indicaies that Ihc ncgatAe charge i» :»prend ov^r hoth iodines in the ira 

sULC. 

During ihc couise of ihc rencuon, ihe reading system has greater p( 
energy than either (he reactanN or the produci<i The two weak bonds 
entering and leaving groups are weaker than the single ht>nd in either ihe r 
or the prodiici. Hence, energy is required in order for reaction to occi 
necessary potential energy is >upf)lied by the conversion of kinetic cncr; 
only ihe mir.ute fraction of reaciant;> that have sitfficicni knietic energy cai 
Furthermore, even if the coUiding rcacianis have .suflicieni kinetic energ 
mast have ihe proper orientation or ihcy will snuply bounce apart, Rec. 
the point of highest energy is called the transiiion state. It i> important to i 
her thai the tranMiion state is a point of maxunmn energy 1 1 is not a ( 
molecule thai can be isolated and studied. In fact the whole act of displa 
occurs m the space of about 10"^'- sec, the period of a single vibration, 
system has the irnosuion state geometry tor only a Ikciing moineni. 

The geometry of the transition state appears to be that in which the m 
and leaving groups are both weakly bonded to carbon in a linear fa^hi 
in which the three remaining bonds to carbon lie in a plane perpcndic 
(he two weak bonds. The reaction mechanism tor reaction of an enierinH 
Y~. and a leaving group. X", is shown in Figure 8.1, where the structure 
reacting system at several points along the reaction coordinate is illustra 
point (b) the C— X bond has started to lengthen and the central cnrbon has 
to flatten Out. At the transition state, point (c), the central carbon is approx: 
flat and both the bonds to the leaving and ciuering group are long. Pi 



transiiton staTC 




-0 



reactants 

\ 

Y- + C— X 



proclu 



/ 



Y— C. 



V 



Reaction coordmatc 

FiCt'RC 8,1 Hcactton mechamsm profih for a daplacenieni rcucuon by Y ' 
RX 



occurs on ihe fuial road lo producis (e); the central carbon has bent, the C— Y 
bond IS approaching normal length, and the leaving group, X, l^> rccedmg. The 
structures at points (a) through (e) are represented in stereo form in Figure 8,2. 



(a) 
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FicuRT. 8.2 Thii structure of the reaction systtm at points (a) through (c) /« 
Figure 8.1. 

In crbiial terms, both the reactani and the product are leirahedral. The C-^X 
bond in each case is C„a-X. In the tran.Mtion state, the weak bonds to X and 
Y may be considered to derive from overlap of a halogen orbital with the iwo 
jobes of a /7 orbital on the central carbon. The other three bonds to this carbon 
are formed from sp'^ hybrid orbitals, as shown in Figure 8.3 




F I G u R E 8.3 Orbital formulaUon of the iransUiori state oj a displacement reaction. 
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Chap- 8 Generality of the Displacement Reaction 

Rcac(ions of 

Aikyl Hulides j^^^ importance of the displacement reaction lies in its generalny. Alih( 

the reaciiiin was iniroduced in the preceding seuions with halide tons as ^nu 
groups, analogous reacuoas a.e knowa wiih a wide; ran^c of anions and nc 
molecules. The only rcquircmeni U that the quacking group be a Lewis I 
a species which coniain. an atom thai has a pair of electrons available foi bon. 
The examples m Table 8. 1 demoustraie the range of attacking groups that and 
lUc reaction. 

A base may generally be regarded as (he conjugate ba.'.c of an acid, a 
may be neuiral or charged 

BH B:- 

conju-jie acid conjuc;ui< '^a'x 

A quantitative measure of the basicity of a base is the acidity, or p/^,,* 
conjugate acid. 

IB -1(H*] [B llH-1 

pK, = -log/^, 

A wenk conjugate acid (more positive pK^) corresponds to a strong base; a 5 



Table 8-1 

Some Oisphcemem Reacrions ivith Ethyl bromide 



FofmuljL 


Name 


Formub 


Namc 


HO- 


hydroAtde ion 


CjH.OH 


ethyl alcohol 




ethoxide ton 


CH.CHjOCHXK, 


djethyl ciher 


HS' 


hydrosultidc ion 


CH.CH.^SK 


cihancthiol 


SCN- 


ihiocyanaic lon 


CH.CH^SCN 


ethyl ihiocyanaic 


CN- 


cyanide lun 


CH.CH-CN 


ethyl cyanide, 






propiouitrile 


N.T 


ny.idc ton 


CHjCH.N, 


ethyl azidc 


NHj 


ainmoma 


CHaCH.NH; 


cihyliiAimoniam 








bromide 


H.O 


water 


CH5CH.OH.; Br- 


cthyloxonium 






bromide 


CH5CO: 


ncetHtc ion 


CH3C0.^C,H, 


cihyl acetate 


NOT 


nilrale ioi) 


CH^CH.ONO, 


ethyl nitrate 


P(c:h.,)^ 


irirpeihylplio«;phinc 


C.HsPlCH..)! Br- 


ethyitnmeihyl- 




phosphonuim bi 


N(C,H5)3 


ineihylaniine 


(C.H.j.N^Br- 


leii'JcihylammoniL 
biomide 



•hor a review or pK. sec Nccuons II 4. 17.4. and Appends I v. 



conjugate acid (less po sitive pK ^) corresponds to a weak base. A fe w com mon 
jases, witK tfie" p^,.s of the con^es pondiap^bni ujgate acids, are given in Table 
8.2. Other va)ues are given in Appendix IV 

The basicity of a base depends on the sirength of iis bond_io_a proion in 
solution. In the displacemcni reacti on, t he base forms a bond"io carbon. Con- 
sequently, we might expect to find some correlation between the energy invoivcd 
in_thc protoa aiion of a base and tjie activation energy foi|_»t& reaction in a 
disp lacem ent reacti on. Ins tead of en^g[g;iej_or enthalpies, man^ coaelations of thifi 
type have been {o.V.??^. y^injg.A'j?..^!!?!^^^ ThV pTiT oran'acid is 

[jTOpprtionai to the standard free e nergy of the add^ase eguiUbrium^ 

This equation foUows by com biningjbc relation b etween an cq uihbnum constant 
and the standard free energy wuh the definition of pX. 
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Recall from Chapter 3 that rate constants are also related to free energies of 
activation, AG ^ 

k - constant X c-^^^^^''' 



-iog^ = 



2.303 RT 



- log (constant) 



To test the existence of a correlation between basidiy and reactivity in dis- 
placement reactions, we first need to determine the second order rate constants 
for reaction of a scries of bases with some common substrate under the same 
experimental conditions, that is, for the same solvent and temperature. Ncxi, we 
plot the logarithms of these rate consianis against the corresponding p/T^ values. 
For a perfect correlation every point will fall exactly on a straight line. Figur^ 
8 4 shows a plot of ihis type for the reactions of a series of bases with methyl 
iodide in methyl alcohol solution. We see that there is a roufih correlation in (he 
.anticipated directio n. There is a t endency fo r bases with high ^K^ (srrongcr^bascsj 
J2_react faster with methyl iodi de. Th e points'dusterjriji linear fashion but'iherc 
iiA go od deal o f scatter." " * " ' 



5^ 



Table 8.2 
Some Common Bases 





Conjugaie Actd 




I- 


HI 


-95 


Br- 


HBr 


-9 


ci- 


HCI 


-7 


HSO; 




-5 






- 1,7 




HF 


3.2 


CH3COO- 


CHjCOOH 


4.8 


HS- 


H,S 


70 


CN- 


HCN 


92 


HO- 


H2O 


15.7 






35 



I 
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If) 

CJ 

X 

o 

X 

o 



X 

o 



C7» 

o 



-2 
-3 
-4 
-5 
-6 
-7 

-e 

-9 
-10 



wo; 



f 

cH,cor 



so! 



no; 



CH,OH 



IMH, 



-L 



12 



0 2 4 6 8 10 
p>r^ of conjugate ocid »n water 

Figure 8.4 Coi relation of basicity with reacttutty toward methyl iodide 



There are a number of reasons why ihe conclauon i& not perfi^CL One 
IS thai we have compared reactionii in two dmerent solvenis. a displac 
reaction in methyl alcohol and an acid-base equilibrium in water. Waier 
a useful solvent for displacement reactions because most organic compour 
not sufficiently soluble. However, only a limited number of pK,^ valt 
available for nonaqueous solvents. 

Another reason why the correlaiion is not perfcci is to be found xn_com 
the types of bonding in ihe two systems. Jnjm acid-base equilibrium, thi 
mvolved is to a smaU and relatively 'night" Is orbital of a hydrogen (Figun 
In the transition siate of a displacement reaction, the orbital containing t) 
pair of the base overlaps insiead with ihe larger, more diffuse, 2p orbit 
carbon (Figure 8.5b). 

These two k)nds of reactivity of a base are given different names. Bas 
the atAoity of a base for a proton, and is measured by The equilibrium 
the conjugate acid in water. Nucleophilicity (from nucleus, L , kernel, and 
Gr.. loving; hence, "nuclcui-loving") is the affinity of a base lor a carboi 




(8) '^3) 

Figure 8.5 Comparison of orbital overlaps of u base ^ith a proton and m- 
the central carbon of a displacement reaction 
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in a (Jisplacement reaction transitjoa state. NucleophiUcily is measured by the g ^ 

raie of"reacuon of the base wiih'a suitable compound. u.uaUy mcihyl bromide 
or iodide, in some standard soWem. 

The displac ement rcaciion is ol'icn referred lo as an 5^2 reaction for substi- 
tution, nuclcopinUic, bimoieciilar. 

The moUculariiy of a rcaciion is defined ai ihe number of molecules involved In 
ihc r.-^ic-dcwrmirung iransllioii'iiaie" li" U :,omcnmcs. bui not always, equal lo ihe 
kinetie order of ihc rcaciion. For example, consider a reaction of the type 



A + B ~t C 



The rate of appearance of the product D given by ihe rate law 

rare of ^ ^(Al(Bl = ^'lAjlBl 

formaijon of D dt 

which shows second-order kincucs However, in the slow :»icp (k.), the ratc-dcier- 
rnjrun^sicp. oniy one molecule/ species C. is mvoNed. Hence, the rcacuon is uni- 
molecular. 

The mechanistic label Sj^2 covers a wide variety of specific reactions (see, for 
exampleT table 8.1 and Figure 8.4). All of ihe reactions in this category occur 
by the common mechanism discussed in this section. T\\px all proceed with 
mversion oXconfiguraiion at the reacting carbon, and ihey all show second-order 
kinciics Thc^aies of S^2^rcactionii are rnarkedly affected by a number of factors, 
including the nucleophUiciiy of the aiiacknig group, the structural environment 
ijf the carbqnV^^^ displacement .occurs, the nature of the leaving group, and 
the natu re oif the solvcrit. The important pnnciples thai enter into evaluating the 
clfcct of these variables "recur frequently in organic <:hcmistry, and therefore 
warrant careful study at this time. 
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Nudeophilicity 

In constructing Figure 8 4, only a fraction of the available data was used. In 
fact, the bases^or uucieophilcs,. used in that plot all involve reaction with atoms 
injhc firsVVow of the periodic table— C, N, O', F. The rough correlation evideni 
in Figure 8.4 shows thai ntore_bosic elecrrqn pmrs iend to be more nuchoj)h±lic. 

Now let us add more data and expand the plot to thai shown ui Figure 8.6. 
The points in Figure 8 4 have been retained as unlabeled open circles The 
addiuonal poinis for other nucleophilic reagents produce suU more scatter How- 
ever, a second imporiani generalization can be drawn from Figure 8.6. Seco nd- 
and third-row elements are invariobly more nucleophilic than first-row elements 
llIcomparAble basicity. The reason for this generalization appears to be thai the 
Jargcr elemenis have relatively diflfuse lone pairs that are more polarizable. These 
more diffuse.lone pairs tend to bond more btrongly to the more diffuse;? orbital 
of the Sj^2 transition .state than to ihc small, tight \s orbital of a hydrogen. 
Consequently, such lone pairs tend to be more nuclcophihc than their basicity 
would indicate. The first-row elements have smaller orbitnis and the lone pairs 
are held more tightly. These elements are relatively more basic and ie^s nucleo- 
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F IG u R E 8.6 Comparison of nudeophilicities and basicities 0/ various rtQciants. 
Open circles refer to points, in Figure 8.4. 

philic. Examples of reactivity towards methyl iodide axe 

(CHs)2S > CH3OH 
HS- > HO- 

cr > 
QHjS- > CeHjO- 
(CzH,),? > (C2H,)3N 

In each case, the group wiihj the first-row element is the more basic and £ 
less nucleophibc. 

At this point wc can now interpret an interesting experimental resuh. 
ion IS straightforward in its reaction with either or CH3I in an 5^2 rt 
Both types of reaction occur at an oxygen 



?■ 

-o— s'-— o- 
6- 

sulfate ion 



o- 

H0-S'*-O- 



bisulface ion 



0- 

-o- 
0. 

zncihylsulfnie jon 



CH3O-S2- 



Sulfite ion, however, behaves quite diffcrcnily. It reacts wiih a proton on oxygen 
to form bisulfite ion, and with methyl iodide on sulfur lo form the meihanesul- 
fonaii: ion, 

?■ 

HO-S--0- 

o- ^ 

sulfite ion N. 

o-s-^-o- 

<^H3 

mclhancanllonaic lon 

The oxygen in sulfite lOa is the more basic atom and prefers to attack H^, but 
ihe lone pair on suKar is more nuclcophilic. and it has preference in ihe 5^2 
"transition state. Sulfate ion has no lone pair on sulfur, and both reactions have 
Vo alternative but to occur at the oxygen. Thiosulfatc ion is a simple sulfur analog 
of sulfate- This ton reacts wUh methyl iodide exclusively on sulfur, even though 
there arc three oxygens and only one jjulTur. 

o- P- 

♦ CHjS-S^^-O- 
0. 

mcthytihiosultnic ion 

Finally, there are some nuclcophiles that show measurable nuclcophilic prop- 
erties at two different atoms. Nitrite ion is an example. The ion undergoes 
pfotonation exclusively on oxygen to give nitrous acid. 

[-O-N=:0 <— ^ 0=N-0-] HO-N=0 



-S— S2^-0- + CH3J 

I 

thiosulfau lon 



nitrous acid 



However, the reaction of niiriic ion with methyl iodide gives both methyl niintc 
and niiromcthanc. 



CH.O— N=0 



-0— N=0 CH3l 




methyl mtnie 



CH,,-N 



nitromcihanc 



In this case, both nitrogen and oxygen are lirst-row elements and have comparable 
nuclcophiliciiies. The ratio of the products actually depends on the reaction 
conditions. Another example is the reaction with cyanide ion. In addition to 
ffielhyl cyanide, the major product, small amounts of methyl isocyanidc are also 
produced. 
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NuLieophilicUy 
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Alk>l Malides 



C=N + CH,I 




CH,--C=N 

mctr.vl L>.intJ< 



(major) 



CH,— N^C (minor) 

Anions iLich as ihese. which can react at i>vo different positions, arc 
ambidcnf {omho, L., boih: dentin, L.. tooth). "iwo-f.'\nged'* nuclcophiles- 
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Effect of Substrate Structure on Displacement Reactions 

A lar^e v^ihcty of alkyl halides undergo subiitiiuiion by the Sj^2 mech 
The ease of reaction depends markedly upon the strucrure of ihc alkyl 
to which the halogen is attached. Reactiviiics vary wjdcly and m a con 
manner Branching of the chain at the. carbon where subistituiion occu 
a-carbon) has a significant effect on ihc rate of reaction Reiaiive rates 
reactions for methyl, ethyl, isopropyl, and /-butyl hahdcs arc approxima 
shown in Tabic 8.3. 



Table 8.3 



Effcci of Branching at the ot- Carbon 


on the Rate of S^l Reactions 


Alkyl Halide 






30 


CH,CH,- 


1 


(CH.,)XH- 


0 03 




^0 



These effects on reaction rate arc interpreted with the concept of stcric liin 

to attack of the attacking nucieophile. The rear of a methyl group is rel 
exposed lo such attack. As the hydrogens of the ntethyi group are rcpla. 
methyl groups, the area m the rear of the leaving group beconncs more e 
bered. h becomes more difficult for the attackmg group to approach 
enough to the rear of the C— X bond for reaction to occur, and the rate of rt 
dimmishes (Figure 8.7). 

A similar cfttct may be seen in branching at the y9-carbon. Some typical r 
rates are shown m Table 8.4. This reduclion in rai"c is also attributable ic 
hindrance. In one conformation, (he rear of fl -propyl carbon is seriously b 
(Figure 8 8a) but in two other con fonna lions, the situniion is no worse th 
ethyl (Figure 8 8b). Consequently, «-propyl halides undergo S^,2 displac 
only slightly less readily than do ethyl halides. 

For the isobuiyl group, ii is possible to rotate boLh of the /3-mcihyl grou 
of the way of the atiackma group, but the resulting conformation is 
congested and has relatively high energy (Figure 8.9). Accordingly, is- 
halides are much less reactive than either ethyl or //-propyl compounds. 



>H Sec 8.5 

1 Effect 01 

^- N:..^Sr=r--.^C— X Substrate 



N:...^C— X 

h7 



Sinjcrure on 

H ^ DispUcemcnt 

Reactions 




H 

isopropyl r buTVi 

FiCl/KE 8.7 £^(er/ a branching on Sn2 reacnons. 



Taolc 8.4 
Effect of Branching at the ^Carbon 
on the Hate of Sj^l Heacriont 



Alkyl HalJdc 


RcltiUve Raic 


CHjCHj- 


I 


CHjCHzCH,*— 


0.4 


(CH,}XHCH,- 


003 


(CH^^CCHj- 


0.00001 




FicuRC 8.8 S]y2 attack at rwo conformations of n-propyl compounds. 




H H 
FicuKt 8.9 reaction at isobuljfl systerns 
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CHj 

Chap. 8 "n^ l^^""^ 

Rcictipnii of JZ C 

Alkyl Hatides ^/J \ 

[si: H •-C X 

„-•/ 

F 1 G u R e 8-10 Sk2 rtacwon at neopentyl compounds. 

Neopcmvl hahdcs are pamcularly mccresting because there is no conforn 
m whichablockiHi^meihyl group can be avoided (Figure 8 10). Neopenlyl h 
are essentially unrcaaive in S^l reactions «txcept under very drastic cond 

Substituiion of sites mo re remote t han th e /3-carbon have liuleorno eff 
the ease of Sk,2 reactions. For example, /i-buiyl and n-pcntyl haUdes re 
essentially the same rate as ^-propyl hahdes. 

X^g type of s tcric interaciio n we have discussed here forces groups to 
awav from each other. S uch defonn ation often forces o rbiials to ov^ 
n oncolincar fashion, w hich providesjess effe ctive bon dmg than colinear o' 
(Figure 8.11). Overlap o f orbnal s that are poj^ colinear^ 
be described as "bent." Such bent bonds are gencraUy of higher energy ihi 
corresponding "straight bonds/* These principles apply not only to the irai 
states for displacement reartions but to certain strained molecules as well (CI 
23). 



„.^.^___-^ — 





N 

/ 

colinear overlap noncolioear overlap 

F I G u K e 8.n Beni bonds haue reduced orbital overlap. 

In surajnary, the effect of the structure of the alkyl group on the rate i 
reaction is apparent in two ways. 

1 Branching at the a carbon hinders reaction: rate order is methyl 

mary > secondary ^ tertisuy. 
2. Branching at Che /?-carbon hinders reaction: ncopentyl compounds are 

ularly slow. 

Displacements that proceed by the S>j2 mecharusm arc most successfv 
primary compounds having no branches at the ^-carbon Yields are poor 
with secondary halidcs and with primary hahdes having branches at C-2 
pentyl systems undergo the reaction only under very drastic conditions and t 
hahdes do not react by this mechanism at all When the rate of the S^2 n 
IS slowed down by these structural effects, aUcmative side reactions be 
compete. Wiih rcriiary hahdcs, and to an important degree with scconda: 
highly branched pnmary haUdes, the side reactions tend to dominate. The: 
reactions ore discussed in Sections 8.7 and 8.8. 
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Sec. 8.6 

Some Typical S^Z Reactions .^^^^^1 

Sj^fZ ftenctions 

A. Leaving Groups 

A.lkyj_chlondcs, bromides, and iodides all rcaci sansfactonly by the Sy2 mech- 
anism. The ease of reaction is dependent on the nature of the leaving group, alkyl^ 
Todides reacting most rapidly and alkyi chlorides most slowly. Alkyl fluorides are 
esscniiajly.unrcactivc by the mechanism. Since chlorine is much cheaper than 
bromine, alkyl chlorides are the least expensive alkyl halides. However, for 
laboratory uses where only small amounts of material arc involved, alkyl bromides 
arc commonly used because they are 50-100 limes more reactive than the corre- 
sponding chlorides. Iodides are somewhat more renctive than bromides but arc 
quite a bit more expensive, and this slightly uicreascd reactivity docs not justify 
their additional cost. In industrial procesises, where massive amounis of materials 
are involved and cost is a prime consideration, alkyl chlorides are used almost 
exclusively. 

The Sj^2 reaction is not restricted to alkyl halides. Any )>rou p that is the 
conjugate base of a strong acid can act as a leaving group An example is bisulfatie 
ion, HSbf, which is the conjugate ba^c of sulfuric acid, pK^ - 5 .P tmethyl su 1 f ate 
is an inexpensive commercial compound that reacts readily by the S,^2 mechanism. 
The leaving group is the mcthylsulfaie ion, which is liimilftr in its base strength 
to bisulfate ion. 

o- o- 

CHjCHjCH^O- + CH30-|2*-OCH3 » CH.CHjCHjOCH, + "O-S'^-OCHj 

o- 0- 

mcihybuiracc ion 

The chief disadvantage of dimethyl sulfate is its toxicity. It is water soluble 
and reacts readily with the nucleophiiic groups in body tissues and fluids. Ai- 
though dimethyl sulfate is the only sulfate in common use, alkyl sulfonates are 
often employed Sulfonic acids, RSO2OH, are similar to sulfuric acid in acidity 
and the sulfonate ion, RSOj, is an excellent leaving group. Alkyl bcnzcncsulfon- 
^l^^^f alkyl ^-toluenesulfonates, and alkyl mcthanesuifonaies are extremely useful 
substrates for 3,^2 reactions. These compounds are readily prepared from alcohols 
as described in Sections; 11 7.D and 18.13.A. 



- -OCH2CH3 CHa-S^^-OCHj 

o- o- o- 

meihyl cihyl meihyl 

henzcnnulfotiuic /^-toluene^ulfonaie mcihuncsulfonaic 

Alkyl nitrates undergo reaction by the Sj^2 mcchaniim because nitric acid is 
a "strong acid and nitrate ion is a weak base. However, alkyl nitrates are more ' 
prone to side reactions than the corresponding halides and, therefore, the yield 
ol sub.stitution product ii? lower. Conscqucnily, nitrates are rarely used. 

The facility with which a group can function as a leaving group in an S^2 
reaction is related 10 us basicity. If a group is a weak base (ihai is, the conjugate 
base of a strong acid), it will generally be a "good" leaving group. This is readily 
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unclcrslood by considcnng ihc rleciionic .sirucune of ihe uan.iiion >tale. 



Chiip- 8 

Reaction^ oi 



N- -C L| 'N-C., 



1 he negative charge whicli Lniroduced with tlw nuackini nucleophile is <J 
utcd over several ntonis in ihc tranMiion state. The charge js borne mos 
tbe cniermg and leav.uo groups, as shown by the resonance MTucturcs f 



iransiiion siaic 



The leavine eroup has gnined an appreciable Amouni of cLearon den 
ooia- from reactant to iransiiion state. The more ihis ekciroa dcnsay or m 
charge is siflbilized. the lov^er is the energy of ihc iransuion stale and th< 
i*; the rate of reaction. The degree to which a ^roup can accommod<ue a m 
charge is also related lo it.^ affinity for a proton, us hdsiciiv The acids HC 
HI, ar\d H ,S0^ are all sirong acids because ihe anions G", Br", I', and 
arc Stable anions. These anions are alio good leaving groups m S^2 rer 

HCN IS a weak acid (p/^, = 10) and ihe displacement of cyanide u 
observed. 

N.- 4- RCN R~N + CN- 

Hydrazoic aad (KN,) and aceuc acid (CH,C02H) arc also weak acids (| 
5.8 and 4.8, respectively). Correspondingly, azide ion and acetate ion are cxi 
poor leaving groups. 

O 

^ - ^ R-0(![cH, -V/-* RN CH^COi 

The reason that alKyl fluondes arc ineffective subiiiraies m the 5^2 rea 
related 10 the lelaiivcly low acidity of HF (p/C„ = 3) 

By comparing 5^2 reacdvity with relative acidiiy. wc can under^ta 
operaiion of acid catalysis in certain displacement processes. Alcohols 
undergo 5^2 reactions because hydroxide ion is too basic (the pK^ of its co 
acid, l-IoO, 15.7). 

N - + R-OH R-N + OH- 

Howcver, in the presence of a strong mineral acid, such as HQ. HBr, or 
the alcohol oxygen is protoaated. An S;^2 reaction can now occur bee:- 
leaving group is ^aier. which i:b a much weaker base than OH" (the cc 
acid of water. HiO*, ha^ pK„ = -1.7). 

R_OH -r = R-6m, + N - R-N »l20 

Note that the same principles of electron denMiy and rcbiivc basicity arc i 
in this reaction, even though the leaving group is not an anion. This is 
and impoi iant reaction of alcohols and it will be developed mure fully in 
11.7. 



- B. Sohants Sec. 8.6 

A number of solvents may be used as reaclioQ media for Sy^l reactions. Ethanol Some Typical 
and meihanol are panicularlY useful because ihcy are inexpensive, relatively inert, 
and dissolve many organic subsiraies and inorganic salts. Sometimes some addi- 
tional water is added lo increase the solubility of the inorganic salt used as the 
displacing agent Some typical examples follow 

CH,0- + CH3CH.,CH2CH,Bi -^^^ CM^ChXHXH.OCHj + Br" 

n-Buiyl bromide is refluxed with sodium methoxidc in methanol for J hr. Water is 
odded and the organic layer is scpriraied. dried, and distilled to give methyl /j-bitt^l 
ether. 

Br SCN 
Na*SCN- CH,<!:HCH. -^^^^ CH3CHCH3 -h Na^Br-,j 

Isopropyl bromide and sodium ihiocyanatc (NuSCN) nre refluxcd in 90% aqueous 
alcohol for 6 hr. The precipitated «;oclium bromide 1^ filtered The filtrate diluted 
with water «ind cxlraeied with ether. Dii»tillation gives isopropyl thiocyanatc, 
lCH3)2CHSCN. m 76-79% yield 



CH,C\ ^ Na*CN- -^^^ ^ ^CHXN + Na^CI" 

Bcnzyl chloride, C^H^CHjCl, is rcfluxcd with sodium cyanide for 4 hr in aqueous 
alcohol The sodium chloride is filtered, the solvent is distilled and the product benzyl 
cyanide. C^H^^CH .CN, is distilled under vacuum to give a 80-90% yield. Sodium and 
potassium cyanides arc highly toxic white solids thai are very soluble in water and 
slightly soluble in ethanol Organic cyanide;! may be hydrolyzcd to carboxylic acids 
(Section 17.6). 



Thcjiscjof acetone as a solvent for hahde exchange reactions was illusiraled 
at the beginning of this chapter. Acetone is an example of ajpolar aprptic solvent, 
that IS, a solvent without hydroxy groups but with a relatively high dipole moment 
and dielectric constant. Polar aprotic solvents are useful because of their ability 
to solvate ions and, thereby, to dissolve many salts Oiher examples arc aceio-" 
nitriJe, CH3CN; dimethylformamidc. (CH3)2NCHO; dimethyl sulfoxide, 
(CHjjoSO; and hexameihylphosphoric tnamide, ((CH5).N]3PO. 

Pisplaccmcnt reactions in polar apiotic solvents arc frequently much faster than 
they arc in hydroxylic solvents. For example, the reaction of methyl bromide with 
iodide ion is about 500 times faster in acetone than in methyl alcohol. An even 
more striking example is the reaction of chloride ion with methyl iodide, which 
is a million limes faster in dimethylformamidc than it is tn methyl alcohol. The 
relative rate of reaction of azide ion with /i-bulyl bromide in various solvents 
is shown for comparison in Table 8.5. One important reason for this effect is 
hydrogen bonding In a hydroxylic solvent, the OH groups can solvate anions 
hy hydrogen bonding: 

ROH— X- — HOR 

Hydrogen bonding will be discussed in detail m Section 11.3. For the present. 
NUlRce It to say that such bonding tends to lie up an anjoii and make it less reactive. 
Aprotic solvents have no hydrogens capable of hydrogen bonding. Hence, the 
anions arc more free and have greater effective nuclcophilicily. 
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Reactions of 
AJkyI HalidK^ 



Table 85 



^. ^_ o keUitivc Rates for the Reaction 

^^^'^ , NrH^.H,Br-.n-C,H,N. + Bc- _ 



I 

1.300 



CHjOH 

(CHjj-SO (DMSO) 
(ChV-NCHO (DMP) ^-^0° 
CH,CN 

l(CH,),NhPO(HMin2__^ 



Th:s type of soW.uon efTec. can even ^^^^—^^ 
nudeophilic groups. For example, the order of react, y 
reaciion in water or in alcohols is 

1- > Br > Cl- 
in .cctone, the reactw.ues tend-.o be ^^-^f^^^J^^^hy^^^^^ 



C Displacenu^n, Reactions at Atoms Other than Carbon 

Dtsplacement reactions are very coo^mon and ^^--^^^^^^^^^ 
r.rhon Manv well-kxvown .norganic reactions can be formalatcd as n 
S ptce^cXact-ons. One exfntple is the fo-auon of hypoc^^^^^^^^^^ 
bleacW bv the reaction of hydroxide .on wuh chlorine The reaai^ 
oi "dered as an S,2 reaction .n which hydro.de .on d.splaces chlor.c 
a chlorine molecule 

HO :^~^Cl-'^ » HOCl + Cl- 

The preceding equation illustrates the use of aaows f°^;'*l"'^°°-P"';; 
Lv.ee fo keeVng "uck of electron pairs -hen descnbmg bond re 
S.a occur dunng a react.on. An arrow symbolic, the flow ot an elc 
fr acuon The iow begin, a. the elccron pair ,n a reactant and po 
he uon 5a.r -go-" - the reaction. In the --P'= e';-;; ^ 
hydroxide .on aiiock, a chlorine and forms a new covaJcni ^^^'^■^'^ 
k ton pair tha, hud bonded the two ohlonnes together .s release 
w,.h the leaving chlor.de .on It is convent.onal to use curved arrows. 

Another example .s the Rasch.g process for the syn.hes.s of hydr^ 
involves iwo such displacement steps. 



i4:> 

H,N:~^a-^l > H3N-CI + CI- Sec. 8.7 

H3NCI + OH- === HjNCl + HjO E2 Elimination 

H 

HjN ' ^N-^ » HjN-NH; + Cl- 

H 

H3NNH, + OH- 5= HjNNHj + HjO 

hydruxine 

Even ordinary acid-base reactions can be regarded as displacement reactions 
on hydrogen. 

Such reactions are extremely rapid and we generally consider them only as facile 
equilibria. However, with special lechmques, the rates of proton transfer rcaaions 
can be measured, even though the second-order raie conijtaxus are as high as 
10^^Af-^sec"K This is many orders of masnitudc faster than the analogous 
second-order rate constants for displacements on carbon. The transition state for 
such a proion-iransfer reaction may be formulated as 

or HjOC Ih^ >CI 



In such a transition siaie the \s orbital of the hydrogen is partially bound to both 
the incoming and the leaving base. 

Many reactions of atoms and radicals with molecules can be regarded as radical 
displacement reactions. Mechanistically, such displacements are classified as 
bimolecular hemolytic substitution reactions. Sh2. We have already discussed such 
reactions in Chapter 5, but now they take their place in a family of related 
reactions. 

CI + H-CH3 > CIH + CH, 

HjC- + CI— CI > CHjQ CI 



E2 Elimination 

t 

? O ne of the side reactions that o ccurs in varyin^^ degree in displacement re actio ns 
' Js the eliminatio n of the elements_Qf^HX to pro duct an aTkenc. 

i' " ~ 

I ij 

?. ^-^M^_a ppropriare conditions, this, reaction can b e the princ i pal reaction and 
bcconic s a method for p/cpajing alkenes. Accordingly, it is discussed in more 
^ciaii m Section 12.5.A. For the present, il suffices lo know that this r eactio n 
occurs by attack of a base on a hydrogen with conco mmitant fo rmation of a C~=C 
^Q.^c bond and breaking of the C — X bond to f or m faalide io n. 
-Mech anisii caiiy. the^reaction is classified as bunolccular eliminatio n, or E2._Sincc^ 
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4. Transcstcrification (Section 18 9. B). 

0 9 

RtOR' + R"OH RCOR + R'OH 

R"0- 

5. Acyl halides and alcoliols (Section 1&.9 B). 

O O 

!1 'I 

RCCl -h R'OH f RCOR' -f HCl 

6. Acid anhydrides and alcohols (Section 18.9.B) 

0 0 0 0 

II i: II 11 

RCOCR + R'OH > RCOR -r RCOH 

Amides 

1. Pyrolysis of ammonium carboxylaies (Section 17 7 C) 

CJ O 
RCO-NHJ ^ RCNri, H- HjO 

O <j) 
RCO-R'NHJ ^ RCNHR' + H^O 

2. Acyl halidcs and ammonia or amines (Section 18.9.C) 

O O 
RCCl + 2 NH, ► RCNHj -h NH; CI" 

3. Acid anhydrides and ammoma or amines (Section 18.9 C) 

rWr + R'NHj ^> RCNHR + RCO,H 

4. Partial hydrolysis of nitrilcs (Section 18.9.A) 

O 

RCssN + HjO RCNH, 

OH- 

Acyl Haiide« 

1. Carboxylic acids with SOClj (Section 17.7.C). 

O O 
II 11 
RCOH + SOCL ♦ RCCl + SO, + HCl 

2. Carboxylic acids with PClj (Scciion 17.7 C). 

O O 
RCOH + PCI5 » RC^Cl + POClj + HCl 

3. Carboxylic acids with PBtj (Section 17 7. C) 

0 0 
I! II 
3 RCOH + PBrj ► 3 RCBr + I-I3PO3 



Sec. 18.5 

Synihctis 
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